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RESEARCH MEMORANDUM

PERFORMANCE COMPARISONS OF NAVY JET MIX ARD MIL-P-5624A
(JP-3) FUELS IN TUBULAR AND ANNULAR COMBUSTORS

By Richard J. McCafferty
SUMMARY

An investigation was conducted to compare the performances of Navy
Jet Mix and MIL-F-5624A (JP-3) fuels in single combustors from current
turbojet engines. The Navy Jet Mix fuel used was composed of three
parts MIL-F-7914, grade JP-5 fuel and one part unleaded MIL-F-5572 fuel.
Combustion efficiencies and altitude operational limits were determined
with both fuels in the J33, J35, J47, and NACA experimental annular
combustors in a range of altitude from 20,000 to 60,000 feet and engine
rotor speed from 40- to 100-percent normal rated at a flight Mach num-
ber of 0.6. Carbon-forming tendencies of both fuels were determined
in the J33 combustor.

The results indicate that the unleaded Jet Mix fuel could be uti-
lized satisfectorily over the normal operating range in a number of
representative current turbojet engines. Small (3 to 5 percent) posi-
tive or negative varistions in combustion efficiency occurred between
the two fuels but this varistion depended on the particular engine oper-
ating condition. The Jet Mix fuel gave lower altitude limits than JP-3
fuel throughout the altitude-speed range investigated in the J33 com-
bustor; however, with the other tubular combustors a difference in
limits was obtained only in the low rotor-speed range. The variation in
fuel type did not affect the altitude operational limits of the NACA
experimental annuler combustor. Excessive carbon deposition is not pre-
dicted for unleaded Jet Mix fuel although this property may be marginal.
The aromatic content of this particular Jet Mix fuel was 13.4 percent;
Jet Mix fuels containing higher percentages of aromatic constituents
may give more carbon deposition. Alsco, the Jet Mix fuel tested did not
contain the tetraethyl lead that would normally be present. The effects
of the lead additive were not determined.
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INTRODUCTION

Carrier-based jet aircraft operate on high-volatility, low-flash-
point fuel which must, for safety reasons, be stored in protected,
centrally located bunkere sboard the carriers. The capacity of these
bunkers is much less than the capacity of the perimeter bunkers contain-
ing the necessary fuel-oil supply. The jet-fuel capacity could be in-
creased and the frequency of refueling decreased by utilizing some of
these perimeter-bunkers for jet-fuel storage. Safety requirements per-
mit only high—flash-point (gbove 140° F} fuel to he stored in these un-
protected bunkers and such fuel would not:perform satisfactorily or
meet freezing-point requirements in present turbojet alrcraft. IT a
special kerosene type fuel were obtained which would meet the high-
flash-point safety requirements, this fuel could then be stored_in
perimeter bunkers and blended with carrier reciprocating-engine air-
craft gasoline (MIL-F-5572, grade 115/145) a8 required. A blend of 75~
percent high-flash-point kerosene fuel (MIL-F-7914, gradé JP-5) and
25-percent aviation gasoline met the freezing-point requirements and
was designated Jet Mix fuel. The utilization of this fuel is contingent
upon the satisfactory operation of jJet engines on a blend of this type.

Investigations comparing the performance of Jet Mix fuel and other
fuels in current turbojet engines and thelr combustors were conducted
at-the NACA lLewils laboratory. Results of studies in a full-scale J34
turboJet engine comparing Jet Mix and unleaded clear gesoline fuels are
reported In reference 1. This report presents data obitained with Jet
Mix and MIL-F-5624A (JP-3) fuels in several single-combustor test
units, and evaluates combustion efficiency, combustion stability, and
carbon deposition. The Jet Mix fuel used in this investigation was
blended by volume from one part unleaded MIL-F-5572 fuel and three parts
MIL-F-7914, grade JP-5 fuel. The blend . did not contain the tetraethyl
lead that would be introduced with leaded MIL-F-5572, grade 115/145 fuel
used aeboard carriers.

Combustion efficiencies and altitude operational limits of both
fuels were determined in J33, J35, J47, and NACA annulasr combustors.
The tubular combustors were standard production units all currently
operated on MIL-F-5624A (JP-3) fuel; the NACA annular combustor is an
experimental unit developed to operate on MIL-F-5624A (JP-~3) fuel.
The performance varisbles were determined in a range of altitude from
20,000 to 60,000 feet, engine rotor speed from 40- to 100-percent normal
rated, and a flight-Mach number of 0.6. Carbon-forming tendencies of
both fuels were determined in the J33 combustor only and the results are
presented and discussed in relation to the NACA carbon-deposition cor-
relation used in reference 2.
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APPARATUS AND PROCEDURE

The combustors used in this investigatlon were installed in the
leboratory air-supply and exhaust ducting with valves located upstream
and downstream to control ailr flow rastes and pressures. Electric and
gaesoline-fired preheaters were used to control the combustor inlet-air
temperatures. The detailed Instrumentation and equipment features of
the combustors used have been presented in previcus HACA reports: the
J33-A-23, the J35-C-3, the J47, and the NACA anmulsr combustor, except
for minor changes in air admission holes in the liner, in references 3,
4, 5, and 6, respectively.

Estimeted combustor inlet-air conditions and combustor outlet-gas
temperatures that were used to similate engine operation at various
altitudes and engine rotor speeds can be found for the J33, the J35,
the J47, and the NACA anmular combustors, in references 7, 4, 5, and 6,
respectively.

The combustion efficiency values reported herein were computed as
the ratio of the measured enthalpy rise of the fuel-air mixbure across
the combustor to the heating value of the fuel. A correction was made
for the difference between the enthalpy of the carbon dioxide and water
vepor in the burned mixture and the enthalpy of the oxygen removed from
the air by the formation of the carbon dioxide and water vepor. The
thermocouple indications were taken as true values of total temperature
and no correctlions were made for radiation or stagnation effects.

The data presented herein should not be used to compare combustor
type and design because the values of combustion efficiency reported
were, in some cases, obtained from a limited number of exhaust-gas tem-
perature probes. However, the differences in performsnce obtained
between the two fuels are considered sufficiently accurate as any tem-
perature measuring errors would be present in both sets of data obtained
with each combustor.

FUELS

The analyses of the fuels used in this investigastion are shown in
teble I. The MIL-F-5624A (JP-3) fuel (NACA fuel 51-186) was & repre-
sentative batch as received from the supplier and met the JP-3 fuel
specification with the exception of the freezing point, which was 14© F
too high. The Jet Mix Puel (NACA fuel 51-201) was blended by volume at
the Lewils laboratory from one part unleaded MIL-F-5572 fuel (NACA fuel
49-167) and three parts MIL-F-7914, grade JP-5 fuel (NACA fuel 51-170).
The unleaded MIL-F-5572 fuel was the base stock used in the preparation
of grade 115/145, MIL-F-5572 fuel.



4 T NACA RM ES1J17

The unleaded Jet Mix fuel falls within MIL-F-5624A (JB-4) fuel
specifications except that the freezing point is 16° F too high; there- -
fore, the comparisons between JP-3 and Jet Mix fuel performance are
applicable to comparisons between JP-3 and JP-4 fuel performance.

RESULTS AND DISCUSSICN

Combustion Efficiency end Altitude Operational Limits

2428

The data obtained with several combustors and Jet Mix and JP-3
fuels are summarized in table IT. The variation of—combustion efficiency
with simulated englne rotor speed for the two fuels is shown in figure 1
for each combustor investigated over an altitude range from 20,000 to
60,000 feet. Cross plots showing the effect of altitude on the combus-
tion efficiencies of the two fuels at two constant simulated rotor-speed
values are presented in figure 2. A comparison of engine altitude oper-
ational limits obtained with both-_fuels for all the combustors 1is pre-
sented in figure 3.

J33 combustor. - The combustion efficiency values obtained in this
combustor with Jet Mix fuel are nearly as high as those obtained with
JP-3 fuel throughout the altitude and rotor=speed range investigated,
the meximum difference being approximately 3 percent (fig. 1(a)). An
exception is the high simulated rotor speed and 60,000-foot altitude
condition where the combustion efficilency of JP-3 fuel decreases very
rapidly to a value about 10 percent lower than that of the Jet Mix fuel.
The altitude operationsl limits with Jet Mix fuel are 7500 to 8000 feet
lower than the 1limits with JP-3 fuel, as shown in figure 3(a).

J35 combustor. - The combustion efficiency values obtained with
Jet Mix fuel in this combustor are better than those obtained with JP-3
fuel at 90-percent simulated rated rotor speed; however, the order is
reversed at the low simulated rotor-speed condition. The maximum dif-
ference in combustion efficiency at—elther speed was about 4 percent
(fig. 2(b)). The altitude operatlonal limit curves followed a similar
pattern, with JP-3 fuel providing limits 12,000 feet higher than Jet._
Mix fuel at 40-percent simulated rotor speed, as shown in figure 3(b).
As simulated rotor speed increased, the difference decreased; at 65- '
percent normal reted rotor speed, the eltitude operational limits of the
two fuels are identical. . e S

J47 combustor. - The combustion efficiency data obtained with this
combustor indicate the same trends observed in the J35 combustor; that
is, at the low simulated rotor-speed condition (fig. 2(c)), the JP-3
fuel provides higher efficiency values over most of the altitude range .
investigated, whereas at the high simulated rotor-speed condition the
order is reversed. The maximum difference in combustion efficiency wes
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greater with this combustor, being approximstely 8 percent at the low
similated rotor-speed condition. The altitude limit curve obtalned with
each fuel is identical at each end of the range of rotor speeds inves-
tigated (fig. 3(c)), but elsewhere the limits observed with Jet Mix fuel
were as much as 7000 feet lower.

Annular combustor. - The Jet Mix fuel gave higher efficiencies in
the annular combustor at altitudes above 30,000 feet and the low simu-
lated rotor-speed condition, with a maximum difference of § percent at
40,000 feet, as shown in figure 2(d). At the high simulated rotor-
speed condition, the JP-3 fuel gave higher combustion efflciencies
over the altitude range investigated, varying from 1 percent at 30,000
feet to 9 percent at 50,000 feet. No differences in altitude opera-
tional limits of the two fuels were observed in this combustor.

The three tubular combustors used in this investigation had, 1n
general, higher altitude operational limits with JP-3 fuel than wilth
Jet Mix fuel. The difference in combustion efficlency values obtained
with each fuel depended on the specific altitude and rotor-speed con-
dition simulated; generally, the JP-3 fuel provided efficiencies 3 to
5 percent higher than Jet Mix fuel at the lowest slmulated rotor speeds
end altitudes investigated, whereas the Jet Mix fuel provided efficien-
cies 2 to 3 percent higher than JP-3 fuel at the higher simulated rotor
speeds and altitudes Investigated. The trends in combustion efficiency
data for the NACA annular combustor are opposite to those obtained with
the tubular combustors and no difference in altitude limits was observed
with the two fuels 1n the annular combustor.

Carbon-Deposition Characteristics

The amounts of carbon formed by the two fuels in 4 hours of opera-
tion of the J33 combustor are plotted in figure 4 on a previously
developed correlation curve given in reference 3. The unleaded Jet Mix
fuel formed twice ss much carbon (7 g) as did the particular JP-3 fuel
used in this investigation. Single-combustor and full-scale engine
carbon-deposition values are anslyzed and plotted on this correlation
in reference 2, showing that a fuel having en NACA K factor of 310 or
less will not gilve carbon-deposition problems in current turbojet
engines that have been designed for use with JP-3 type fuels. Figure 4
shows that Jet Mix fuel hss a K factor of approximetely 305 and there-
fore will operate satisfactorily without forming excessive carbon
deposits. This fuel quality estimate does indicate, however, that Jet
Mix fuel is marginal with respect to carbon deposition and that other
Jet Mix fuels with a larger percentage of aromatic constituents can be
expected to yleld more carbon.
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The tetraethyl lead additive that would be present when the fuel
is blended from leaded MIL-F-5572 fuel sboard carriers could result in
increased deposits. An lnvestigation of carbon deposition in & J33
single combustor using fuels containing metallic organic additives, In-
cluding tetraethyl lead, is described in reference 8., The results
indicated thet the concentration of tetrasethyl lead that would be pre-
sent in Jet Mix fuels used in carrier-based aircraft would probebly de-
creage carbon formetion but the added lead oxide depositlon would
probebly increase the total welght of deposits.

CONCLUDING REMARKS

The performance investigatlion with both tubuler and asnnular type
combusgtors Indicates that Jet Mix fuel cen be used satlsfactorily over
the normal operating range in a number of representetive currentturbo-
Jet engines. A small (3 to 5 percent)} gain or loss in combustion effi-
ciency from that provided by the JP-3 fuel used in this Investigation

may result but-the variation in performance masy depend on the particular

altitude and rotor speed condition at which the engine is operated if
the Jet Mix fuel is used. In the J33 combustor, the altitude limits
were lowered gpproximately 8000 feet with Jet Mix fuel fthroughout the
simulated rotor speed and altitude range investigated. For the other
tubular combustors, the Jet Mix fuel gave lower altitude limits than
the JP-3 fuel only in the low simlsted rotor-speed range+— No differ-
ence in altitude-operational 1limits between fuels was found with the
experimental NACA asnnular combustor. No excessive carbon deposits were
encountered with unleaded Jet Mix fuel, although this fuel may be mar-
ginal in this respect.

Lewls Flight Propulsion Leboratory
National Advisory Committee for Aeronasutics
Cleveland, Ohio, April 21, 1954
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TABIE I - FUEL ANALYSES

NACA RM ESLJLY

MII-F~-7914,{ Unleaded
Fuel properties MIL-F-5624A (JP-3)| Navy Jet Mix [grade JP-5 |MIL-F-5572
(NACA fuel 51-186)| (NACA fuel (NACA fuel | (NACA fuel
51-201) 51-170) 49-167)
A.8.T.M. distillation ..
D86-468, (°F)
Initial boiling point 118 142 357 120
Percentage evaporated
53 158 192 371 136
10 177 230 375 161
20 205 289 385 182
30 234 338 393 196
40 263 371 402 205
50 294 394 411 210
60 328 407 421 217
70 359 420 433 221
80 397 436 448 227
S0 433 457 464 239
Finel bolling point 492 499 502 309
Residue (percent) 1.3 1.1 0.7 1.0
TLoss (percent) 1.1 1.0 .2 2.0
Freezing point (°F) -62 -60 | ameea —————
Aromatics 9.0 13.4 ———— ————
Silica gel (percent by
volume)
Olefins
Silica gel (percent by .5 S| emeea m———
welght)
Gravity
OAPT 55.8 48.7 43,7 66.3
Specific <756 . 785 .808 715
Reld vapor pressure 6.5 2.0 2 5.0
(1b/sq iun.)
Hydrogen-caxrbon reatio <171 A4 | emmemee | mmmme-
Heat of combustion 18,740 18,670 |  emem——— ——
(Btu/1b)
Gum, (mg/100 ml)
Air jet residue 1 2 cmmmmme | mmm——
Accelerated 5 4 ————— ——————
Aniline point (°F) 137.1 142.2 145.8 |  cmeeee
Bromine number o7 1> S [ ——— ——————
Flesh point (°F) |  —mmmmeeme b emmmmmeeeo 142 | -

827%2



TABLE II « PERFOAMAKCE DATA FROM SEVERAL COMBOSTORS OPERATING WITH NIL-P.5624A (JP-5) AND JET MIX FUELS AT MACH NUMHER 0,80
(a) 755 combuater

T a g,

LELO

[eimurated | Parcent [Comuator Fuel-air [Hean oon- Nean tem- |Combustion Fual nozzle
altitude |reted |[inlet total ratio bustor outlst|peratura efficiancy differantial
(re) angins |pressure temperature |rise through pre
spead (in. Hg) %) soxbustor {
(oF)
{3p-3) fuel
20,000 60 33,2 2,135 0,00881 995 550 0.781 ]
70 41.3 2.68 006887 1090 438 873 2.8
80 5.6 5.13 00742 1245 536 679 £.6
90 86.5 3,43 .0108 1518 785 1.03 4.9
50,000 80 22.6 1,82 00740 930 380 642 2.8
70 28,3 1.90 .00727 1045 426 «785 2.9
80 55,9 2,2 .00811 1op5 585 825 3.3
68Q, 35.9 2,20 00887 1250 B&l, .018 3.2
50 &5.2 2,44 .0108 1510 788 1.1 3.8
100 65,3 2.80 0149 1843 1067 1.03 3.8
40,000 BO 14.5 1.02 00945 BoB 387 .498 1.5
70 18,5 l.24 00348 1010 &14 <662 1.2
80 23,% lodd .00918 1210 583 831 2.2
80 28,8 L.69 .0118 1500 800 ‘<84S 2.3
100 36.3 .Q183 1820 1087 871 2.6
50,000 80 9.0 Hequirsd temparatura riss unattainable--e————————
B0 9.0 0138 810 360 348 1.2
70 11.5 0111 1016 419 «505 1.2
BO 14.5 .0107 1m0 662 « 715 1.6
B0 18.2 .0127 1300 788 .876 1.7
100 22,5 0171 1815 10€1 .685 1.6
60,000 70 7.2 0260 1010 &ld 229 9
BO 9.1 L0109 1215 567 306 -]
80 11.4 .QL78 1800 801 836 1.0
100 14.0 .0187 1820 1067 .824 1,0
Mix fuel
20,000 80 335.1 52.0 0,006880 998 569 0,761 2.9
70 41.3 43,0 +O0855 1090 455 690 5.7
80D 6l.8 85.6 -Q0759 1248 B35 <559 5.0
80 85,0 138.1 L0109 1810 783 1.00 5,0
30,000 80 22.8 42.8 00788 938 66 +B352 2,2
70 28.5 50.8 00747 1040 424 .758 2.0
a0 35,8 88.6 .00838 1230 880 «820 5.2
80 33,8 88.0 .00833 1205 566 806 5.5
80 45.2 97.2 L0111 1505 781 .562 3.6
100 85,8 142 0153 1845 1087 1.0 5.8
40,000 ap 1.4 58.9 .00888 805 558 479 1.6
80 1. d 58.7 .0100 205 558 475 1.5
70 18,8 38.9 00870 1010 414 .838 1.8
80 25.4 49.1 00853 1210 563 .502 2.2
90 29.8 67.9 «0120 1500 789 -850 2.3
100 38.5 88,6 .0161 1820 1068 .958 2.5
50,000 a0 9.0 - l4—————Required temperature rise unatteinable
T 11,5 34.1 0120 1010 414 +464 1.3
a0 14.5 36.4 0112 1210 BE82 «885 1.5
20 18.2 47.0 L0133 1600 788 .B41 1.6
100 2.5 85.0 0178 1820 1067 .870 1.6
680,000 20 1l.4 33.6 L0153 1500 800 - T56 1.0
10Q 14.0 bk 0180 1825 1072 .828 1.0
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TABLE IT - FERPORMANCE DATA PACM SEVERAL COMBUSTCRS OPERATING WITH MIL-P-55244 (JP-3) AND JET MIX FUELS AT MACH NUMBER 0.80 - Continusd

(b) 335 gombustor

Simlpted|Similated Combustor Combus tor|Fuel flow|fusl air|Msan oom- Combustion flotal Fuel
altitude |engina inlet reference| (lb/hr) |ratic  |bustor outlet|perature risa|efficiency [prassure nogzle
(£t) epasd statlc velooi t ture jdrop through |aifferential
?;pﬂ) ressure (ft/oec (x;) cm'lgu.ator asure
in. Hg) (in. Bg) (in. Hg)
MIL-F-5804A (JP-3) fuel
20,000 3000 25 1.4 50.6 18.5 0.00387 740 0.740 - -
4000 a7 2,3 78.1 28,5 00544 alo 307 - -
3000 &6 3.2 87.4 ) 00458 a8k 24 - 5L
8000 &7 4.5 95.8 10G 00846 114D 985 -- B7
30,000 m 15 . 1.0 al.g 18 00628 8390 490 - -
19 1.6 88.5 25.5 .004£08 780 S48 — -
5000 24 2.5 86.4 34.5 00465 ask .870 -~ a3
a000 a3 2.0 . 80.5 77 .0Q71% 1150 928 - 835
TO0O 44 5.6 a8.7 155 0118 1610 954 - 77
40,000 3000 10 0. 0.8 7.9 00278 Lean limit blow-put or
4000 12 1.1 72,8 20 [b16]-Te ] 740 .802 - -—
8000 15 1.5 a7.0 28.5 00528 as0 £ 756 -— 18
8000 2l 2,0 91,8 bE 00764 1120 .882 - S8
. TO0Q 28 §.5 87,4 102 Q123 1510 038 -- 7€
. 8000 54 6 88.6 164 Q175 190G 2980 -— at
50,000 4000 2} 0.7 88,3 15.5 00613 Lean 1imit blow-ou >
5000 10 0.80 17.6 3 00710 380 573 - -
8000 14 1.2 B82.6 42 00872 1120 <687 e B8
7000 le 1.4 82.9 T2 U143 1610 .811 - T8
8000 TRl 1.6 88.3 113 Q186 19Q0 . BA2 e 85
80,000 3000 T 0,70 86.2 21 00853 [e—-—e——e-— - Lean limit dlow-—cut >~
8000 El Q.90 8s.4 [N 0157 1120 458 - &l
TO0 12 1.0 84a.8 64 OL7& 13210 +657 - 78
8000 15 1.1 Bi.0 &8s 0817 19C0 « 754 - a5
Jat Mix fuel
20,000 3000 23 1.4 50.6 20.0 0,00587 T40 0.888 —_ -
4000 a7 2.3 5.1 30.5 00568 810 -850 -= 26
5000 35 3.2 87.4 83 . 228 .902 - sl
8000 47 4.3 g6.8 104 00878 1140 .952 — &4
30,000 3000 1B 1.0 6l.2 17.0 00472 Lean 1imit blow-oup
4000 19 1.8 69.3 25.0 . 780 « 708 - -
8OO0 24 2.5 86.4 40.0 .00483 - H] 843 - 40
8000 55 3.0 80.5 g2 .00759 1150 877 - 85
T000 44 5.6 89.1 157 L0121 181Q 940 - M7
40,000 4000 e 1.1 72.6 24.5 00720 740 426 -— ~
5000 1B 1.5 87.8 £9.5 ,00548 850 ,722 -_—
6000 2l 2.0 91,8 €0 .00853 1120 .Bl4 — 85
7000 o4 2.3 av.4 106 0128 1510 .906 - 78
8000 34 2.6 88,8 172 OLE4 1900 918 -~ es
50,000 4000 a 0.7 68.5 4.5 .00958 alt blow-out
5000 ic 0.90 9.0 £1.5 00564 860 .586 - -
8000 14 1.2 82,8 47.0 .0108 120 628 e 52
7000 18 1.4 82.9 €9 20157 1510 1847 d Th
8000 21 1.8 83.3 110 0191 1900 .886 e 86
60,000 5000 1 Q.7 B87.8 £1.0 «00833 Lean limit blow-oub
8000 9 Q.80 968.4 38 L0173 1120 2400 - 89
. 7000 12 1.0 a3.a 64 .0178 1510 .660 - 78
! 000 18 1.1 84.0 -5 0215 1800 . 792 —_— al

o1
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TABLE 1I - PERPORMANCE DATA FROM SEVERAL COMBUSTCRS OPERATING WITH KIL-F-5824A {JP-3) AND JET MIX FUELS AT MACH NUMBER 0,80 - Continued
(e) 247 aombustor

LIPTSHE W VovN

Similated| Similated| conbustor|Conbustor | Adr flow|Combumtor|Tiel flow|Puel alr|Mean com- Mean tem- Combumstion| Total Fuel
altitude | englne inlet inlet (1b/sen)|refarsncs| (1b/hr) |ratic bustor outlat| perature ripe|effioclenay| pressupre noezle
(£t) spoad total atups veloel temperature |through com- drop through|differential
Tpm) apure °Rn) (tt/sea {°R) bustor oombuptor  |pressure
fin. Fe) (°r) {in. Hg) (in. Hg)
MIL~P-G624A (IP-3) fuel
20,000 5000 20.7 528 2.2 88.0 22,9 0,002a8 650 122 546 - ——
4000 28.0 584 3.24 108 30.8 00284 746 161 . 790 —-— 7
5000 42,7 8535 [ ) 107 hd.4 00301 866 212 .921 - 21
50,000 4000 1.3 550 2.27 o2 25.7 003156 708 1656 «8357 - -—
8000 I0.2 €18 3.19 105 39.8 00346 840 g2 841 - 13
8000 43.4 694 4.202 166 85.8 00666 1105 411 .972 - 78
40,000 4000 12.7 552 1.51 98.2 13.4 00358 890 158 804 - —
5000 19.8 598 2.09 160 30.0 00398 816 217 . 711 —-— ———
8000 28.0 €70 2,75 103 61.3 00618 1080 420 906 - 39
7000 55.6 754 5.07 102 127 0116 1550 796 871 —-— 158
7500 38.7 784 3.11 98,8 188 +0156), 1800 1016 .970 - 178
80,000 4000 7.8 530 0,881 | 165 156.6 00458 e - Lean limit blow-out
5000 12.2 gag 1.30 98,3 23.6 .00602 az86 257 817 - e
8000 17.7 874 1,78 103 42,8 00636 1085 411 202 —- 14
7000 22.2 780 1.82 103 M,.5 L0125 1535 795 912 —— a2
7800 25.5 aza 1,81 98.2 150 .0189 2010 1181 522 - 161
80,000 4000 B.8 5656 0.687 103 17,0 00887 | Leon 1imlt blow-out
5000 8.8 585 0.858 99.8 23,5 00696 alo 216 408 - —_—
6000 12,1 875 1.24 108 58.5 .00861 1085 410 «540 - ——
7000 15.3 751, 1.57 106 65.0 »0128 1550 799 879 - 45
7900 17.8 628 1,38 1p02 94.5 0198 2010 1182 . B85 - 118
Jat Mix fuel
20,000 3000 20.8 330 2.19 87.7 28.3 0.00333 (13 126 0,487 - -
4000 28.0 505 3.24 108 533.8 00286 750 187 762 - 7
5000 42.7 5% .60 108 49.6 00308 860 207 «BR0 - 20
30,000 4000 19.3 660 2.28 101 29.5 00582 706 168 557 - —_—
5000 30.2 818 3.18 102 59.8 00344 as0 al2 807 - 13
8000 45.4 891 6.24 106 88,6 00681 1110 419 .B88 -— 84
40,000 4000 12.7 650 1.60 102 28,0 00817 Laan limit blow-out
5000 15.8 6598 2.09 101 51,8 00428 810 212 .887 L ———
8000 28.0 872 2,78 104 82.4 .00850 1090 418 .880 - 37
7000 55.5 758 3.08 102 127 00116 1550 785 .870 - 150
T800 58,7 795 3.07 99,0 168 .0150 1808 1012 877 - 171
50,000 4000 7.8 b40 0,947 99,9 20,4 005989 Lean 1llmit blow-out
5000 12.0 802 1,30 103 21,5 .00458 780 188 538 - ———
6000 17.7 874 1.78 104 4d.9 00720 1685 421 »787 - 17
7000 22.2 787 l.92 103 82,0 L0118 1545 788 033 — 74
7900 25,3 850 1.91 98.1 130 ,0188 2020 1130 933 e 155
80,000 5000 8.8 597 0.094 | 100 19,2 00587 830 253 «541 - —
8000 12,1 871 1.4 108 55.2 00789 1085 414 . 707 - ==
7000 15,3 750 1.57 105 65,5 .01£9 1566 806 .882 - 40
7900 17.8 Bay 1,32 Jo2 98,2 0197 2010 1183 880 o 106

TL



TABLE I1 - PERFORMANCE DATA FROM SEVERAL COMBUSTORS OPERATING WITH MIL-F-5824A (JP-3) AND JET MIX FUELS AT MACH NUMBER O.60 - Concluded

3

{d) NACA annular combustor

Simulated)Simulated|Combustor|Combustor |Air flow|Combustor|Puel Flow|Puel air|Mean com- Mean tem- Combustion| Total Manifold
altitude [engine inlet inlet (1b/Bec) |reference (1b/hr) |ratio bustor outlet|perature rise|Efficiency|preasure differential
(ft) apeed total te grature : velgel temperature cam~ drop through|pressure
?erpm) vessure m]() R) : (£t/sec (°r) stor combustor (1n. Hg)
in. Hg) (°F) (in. Hg) :
MIL-P-5624A (JP-3) fuel
30,000 7,800 19.7 540 3.03 85.8 112 0.0103 1158 615 0.803 —_— ———
8,700 25.5 S60 3.67 90,5 152 .0100 1198 635 .855 —— ~——
2,600 28.2 604 4,535 96.4 169 .0108 1303 699 .85 ——— ———
40,000 7,800 12.5 360 1.91 88,5 102 0148 1260 700 .6680 —-— ———
8,700 15.9 540 2.31 81.0 119 0144 1223 683 «859 ~— —-—
9,600 18.1 8§79 2.71 89.7 121 0124 1316 737 2812 ——- ——
10,400 2.3 612 3.05 8Q0.6 157 .0143 1485 873 "Lake —-— ——
11,300 24,7 653 3.32 90.7 204 0171 1762 1109 .930 ——— ———
50,000 10, 12.8 602 1.68 8(0.3 167 .Q283 1720 1118 .599 ——— -
11,300 15.1 683 1.83 83.0 167 0254 1997 1334 789 -— ———
53,000 11,300 11.8 646 1.27 72.0Q 135 .0296 2100 1454 .7585 -— ———
Jet Mix fuel
30,000 7,8Q0 19.7 544 3.04 86.9 113 0.0103 1156 612 0.800 —-— ———
8,700 23.5 544 3.68 88.2 133 Q100 1184 640 .859 - ——
9,600 28,2 600 4.4) 96,2 168 .0106 1289 689 .883 —— m———
40,000 6,100 8.30 480 1.21 72.4 Required temperature riss unattainable
7,000 10.1 500 1.50 76.7 Required temperature rigse unattainable =
7,800 12.5 544 1.91 86,0 89,0 0130 1211 667 «709 - -—-
8, 700 14.9 544 2.52 87.6 102 .0122 1234 690 .780 —-— —
9,600 18.1 582 2,71 90.2 114 .0117 1287 7085 «835 —— ——
10,400 21.0 617 3.06 83.0 168 0155 1493 876 .808 ——c —
11,300 24,5 648 3.32 90,8 210 .0176 1759 1111 912 — ——
50,000 10, 400 12,8 81l 1.65 81.5 156 .0263 1725 1114 634 —— -
11,300 14.9 655 1.81 82.3 194 .0297 1989 1334 691 ——— ——
58,000 10,400 9.80 608 1.10 70.3 Required temperature rise unattainable
11,300 11.8 641 l.28 70.8 171 | .0377 | 2140 1499: .866 ——— ———
60,000 11,300 9.20 657 .805 59.6

Required tlemperamre riu|e unattainable

1
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Combustion efficiency, percent
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Figure 1. - Vaeriation of combustion effiolency with simulated engine rotor
speed over altitude range from 20,000 to 60,000 feet for several
cambustors. Fuels, Jet Mix and MIL-P-5624a (JP-3); Mach nimber, 0.6,
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NACA RM ES1J17

Altitude
_ 20,000 _ 430,000 (£%)
e — T — 4+ B = — —940,000
- T L-7% A= 1. -1~ ~$ 50,000
P [ [ - 3 - J)’
80 z. - P ? -
A > T )7 60,000
/ - T - p s L7
/ & ¢ z
7 ;- 0’
/ 7 ® //
60 v 4
/ 1 / 4
, /]
/ /
{ /
40

WES==ssn
50,000

8 // /// = 60,000
4 / <,// —7 Fuol

Y

/|

——— MIL-F-5624A (JP-3)

/ — —Jet Mix
° L]
40 !
3 4 5] 6 .7 8
Simulated engine rotor speed, rpm
I | I { | | [ f
40 50 60 70 80 90 100 110

Simulated engine rotor speed, percent normal rated

Figure 1. - Continued.

number, 0.6.

(b) J35 combustor.

9x103

Variation of combustion efflciency with simulated
engine rotor speed over altltude range from 20,000 to 60,000 feet for
several combustors. Fuels, Jet Mlx and MIL-F-5624A {(JP-3); Mach
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Figure 1. - Contlnued. Varilation of combustion efficiency with
simulated englne rotor speed over altitude range from 20,000

to 60,000 feet for several combustors. Fuels, Jet Mix and
MIL-F-5624A (JP-3); Mach number, 0.6,
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Figure 1. - Concluded.

several combustors.
number, 0.6.

(d) NACA annular combustor,

Variation of combustion efficiency with simulated
engine rotor speed over altitude range from 20,000 to 60,000 feet for
Fuels, Jet Mix apd MIL-F-5624A (JP-3); Mach
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Figure 2. - Effect of altltude on combustion efficiency obtained
at two constant simulsted rotor speeds for several combustors.
Fuels, Jet Mix and MIL-F-5624A (JP-3); Mach number, 0.8.
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Combustion efficiency, percent
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Flgure 2. - Continued. Effect of altitude on combustion
efficlency obtalned at two constant simulated rotor
speeds for several combustors. Fuels, Jet Mlx and
MIL-F-5624A (JP-3); Mach number, 0.6.
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Figure 2, - Continued.
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(c) J47 combustor.

speeds for several combustors.
MIL-F-56244 (JP-3); Mach number, 0.6.

Fuels, Jet Mlx and

Effect of altitude on combustlon
efficlency obtained at two constant simulated rotor
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Figure 2. - Concluded. Effect of altltude on
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simulated rotor speeds for several combustors,
Fuels, Jet Mix and MIL-F-5624A (JP-3); Mach
number, 0.6,
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Figure 3. - Comparison of altitude operational limlts obtained with

Jet Mix and MIT-F-5624A (JP-3) fuels for several combustors.
Mach number, 0.6.
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Figure 3. - Continued. Comparison of altitude operational limits cbtalned .
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Figure 3. - Concluded.
with Jet Mix and MIT-F-5624A (JP-3) fuels for several combustors.

Mach number, 0.6.

(4) NACA annuler combustor.

Comparison of altitude operational limits obtained
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Figure 4, - Carbon depositlon of Jet Mix and MIL-F-5624A (JP-3) fuols correlated with volumetric average
boiling tamperature and hydrogen-carbon weight retlo in J33 combustor. Simunlated englne canditions:
altitude, 20,000 Peet; engine speed, 90-percent normal rated; Mach mumber, 0.0; run time, 4 hours.
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